Data Representation

The computer is a really simple-minded beast. At heart, it only understands two things: 0 and 1.

This means that all data that is presented to or stored in the machine must be configured in terms of zero and ones. This type of data is called binary data.

bit

At the heart of binary representation of data is a thing called a bit. A bit (short for binary digit) is the smallest unit of data in a computer. A bit has a single binary value, either 0 or 1.

nibble

A nibble consists of 4 bits. The nibble is a theoretical concept used in the translation of binary data to hexadecimal data and vice-versa.

byte

A byte (sometimes called an octet) consists of 8 bits. 

a byte is the basic unit of representation in modern programming. The value of a byte is determined by the condition of the bits (1 or 0) it is composed of and the position of those ones and zeros.

In the depiction below, we have depicted a byte. Each cell represents a bit. The numbers beneath each cell represents its potential value; that is if the bit is on (has a 1).

	
	
	
	
	
	
	
	


128    64    32     16        8      4         2          1

  Let us take an example:

	1
	0
	1
	1
	1
	1
	0
	1


128    64    32     16        8      4         2          1

In the figure above, some of the bits are on and some are off. Let us examine what this means. The bits under the 128, 32, 2, and 1 cells are on. This means that this number represents:

  128 + 32 + 16 + 8 + 4  + 1 or  189.

To convert a decimal number into binary, we use the following system:

Let us assume that we wish to convert the decimal value 189 to its’ binary equivalent. We divide 189 by 2 giving as quotient of 94 and a remainder of 1. 

We store that remainder and divide the quotient (94) by 2 giving a new quotient of 47 and a remainder of 0. 

Divide the new quotient (47), by 2 giving 23 and a remainder of 1. 

The resulting quotient (23) is divided by 2 giving 11 and a remainder of 1. 

11 is divided by 2 giving 5 and a remainder of 1. 

5 is divided by 2 giving 2 and a remainder of 1. 

2 is divided by 2 giving 1 and a remainder of 0. 1 is divided by 2 giving 0 and a remainder of 1.

Since the quotient arrived at is zero, we stop there.

Graphically, we can show this process as follows:

	Number
	Quotient after 

division by 2
	Remainder

	189

 94

  47

  23

  11

    5

    2

    1
	94

47

23

11

  5

  2

  1

  0
	1

0

1

1

1

1

0

1


Now, we write down the remainders in the OPPOSITE order to that in which they were generated.

10111101

You will observe that this is the same value we had above.

In Computer programming, four different forms of data representation are used:

· Binary. This is based on the number 2

· Octal based on the number 8

· Decimal, based on the number 10

· Hexadecimal, based on the number 16

Chart of Equivalent values from 0 to 16

	DECIMAL
	BINARY
	OCTAL
	HEXADECIMAL

	1
	00000001
	1
	1

	2
	00000010
	2
	2

	3
	00000011
	3
	3

	4
	00000100
	4
	4

	5
	00000101
	5
	5

	6
	00000110
	6
	6

	7
	00000111
	7
	7

	8
	00001000
	10
	8

	9
	00001001
	11
	9

	10
	00001010
	12
	A

	11
	00001011
	13
	B

	12
	00001100
	14
	C

	13
	00001101
	15
	D

	14
	00001110
	16
	E

	15
	00001111
	17
	F

	16
	00010000
	20
	10


Octal Representation

Decimal representation of numbers is based on the number 10. Octal representation, however, is based on the number 8. In Decimal notation, the 10 means one 10 and no units. In octal representation, however, 10 means one 8 and no units.
To convert from decimal to octal 

	Number
	Quotient after 

division by 8
	Remainder

	189

23

2
	23

  2

  0
	5

7

2


Write the remainder in the opposite order to which they were generated:

275

This number is the Octal representation of 189 (Decimal).

We can check our work.

In the octal scheme, the positional value of numbers is

64     1     


1  1   1


   8

Reading from right to left ( ←) , any number in the first position has just that value, therefore  the 5 in the first position has a value of 5 units. 

Any number in the second position has a decimal value of that number multiplied by 8, so the seven represents (7 * 8) or 56 decimal units.

Any number in the “hundreds” position has a decimal value of that number multiplied by 64, so the two represents ( 2 * 64) or 128 decimal units. 

Adding the values together ( 128 + 56 + 5) we get 189. 

Hexadecimal Representation

Hexadecimal notation is based on the number 16. To convert from decimal to hexadecimal we do the following:

	Number
	Quotient after 

division by 16
	Remainder

	189

  11


	11

  0 


	D

B




Writing the remainders in the opposite order from that in which they were generated we get:

 BD. 

This is the hexadecimal representation of 189 (decimal). Let us check our work. In hexadecimal notation, the positional values are:

128       1


 1    1    1

 

       16

Reading from right to left ( ←) , any number in the first position has just that value, therefore  the D in the first position has a value of  13. This value we get from the equivalency chart shown earlier.

Any number in the second or tens  position has a decimal value of 16. Therefore the B (which has a decimal equivalent of 11) represents ( 11 * 16) or 176 in decimal notation.

Putting them together (176 + 13) we get 189.

Hexadecimal representation in programming is mostly used because hexadecimal numbers are very easy to convert to binary and vice-versa.

Negative Binary numbers

There are two ways of representing negative values in binary notation; twos complement and sign-magnitude notation

In both these systems, we would need two bytes to represent –189.

Twos complement

Take the representation of 189:

  00000000 10111101

And reverse it. That is, put a zero everywhere there is a 1 and vice versa. We then get

11111111 01000010

Then, we add 1 to that value

11111111 01000010

                            + 1

-------------------------

11111111 01000011

This is the decimal notation of –189 using twos-complement.

Sign-magnitude notation

In sign-magnitude notation, the left-most bit is used to denote the sign (positive or negative) of the number. A number with zero in that position is deemed to be positive while a number with 1 in that position is deemed to be negative. Therefore the representation of +189 is:

00000000 10111101

To get the negative notation, we simply change the sign bit to get:

10000000 10111101

